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e Contributions from quark exchanges are suppressed.

e Unique place to study multi-gluon exchange processes.

e Not well-studied because of difficulties in making ¢-
meson beam.
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Vector Meson Dominance (VMD)

e Photon JPC = 1--
e Vector mesons (p,»,0,J/y ...) JPC =1--
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Diffreactive ¢ photoproduction on proton

X=Pomeron, t,n (Titov)

¢

L

e

YP 2 Op

_}_

>_

O SLAC(1973)
COBONN(1974)

ADESY(1978)

0 DARESBURY(1982)

b SAPHIR(2003)
® LCPS(2004)

T




CLAS g10 proton data

Study of ¢-N interaction at LEPS2, T. Mibe, 1/9/2007

YP 2 ¢p

' e
> P ep > P pp
<] 1 F E,=1.6-1.8 <} 1 K E=1.8-2
-'é e CLAS G10 (high) -'é e CLAS G10 (high)
ﬁ = LEPS, 1.67-1.77 i i = LEPS, 1.87-1.97
_g 4 SAPHIR, 1.57-1.82 _g 4 SAPHIR, 1.82-2.07
v Bonn, 2.0
-1 ’
10 * 10 4
- M 4
g 2
10 10 5
2/6d3547E 03/ 1 A L 2/mdf 2423 / 3
0.8502 £ 0 1503{ F 0.8676 £ 0.1041
PZ —4.570+ 1.037 j‘ N PZ —4.861+ 0.4903
10-3...I...I...I...I...I...I...I...I...I... 10C
0 02 04 06 08 1 12 14 16 1.8 22 0 06 08 1 12 14 1.8 22
t-|t|,;, (GEV) -t-|t| (GeVY)
- c —%
> P > P > Ly P eP
<] 1 E=3 3.2 <} 1 F ‘/D E=3.2-3.4
-‘é e CLAS G10 (high) -'é e CLAS G10 (high)
ﬁ o DARESBURY, 2.8-3.4 i i '-Jf o DASY, 3.0-3.5
=} 5}
-] L=} -
-1 -1
10 . 10 ¢ °
. - .
® L
®
2 2
10 10 s
x°/ndf 2.292 /3 L x°/ndf0.3785 / 3
P1 1.730 £ 0.2307 F P1 1.331 £ 0.1744
P2 —4.987 + 0.3741 P2 —4.328 + 0.3553
10-3...I...I...I...I...I...I...I...I...I... 10-3...I...I...I...I...I...I...I...I...I...
0 02 04 06 08 1 12 14 16 1.8 0 02 04 06 08 1 12 14 16 18
[t i (GeV ) [t i (GeV )

'
> P ep
o 1 E=2 2.2
= * CLAS G10 (high)
E = LEPS, 2.07-2.17
E 4 SAPHIR, 2.07-2.32
¥ Bonn, 2.0
10 ve
E ot
i ¢
2
10 2
L 2/ndf 1310 / 3
r D.9872 + 0.1017
| P2 —3.883+ 0.4016
10-3...I...I...I...I...I...I...I...I...I...
0 02 04 06 08 1 12 14 1.8 22
-t-|t| (GeVY)
‘e
> o P> ep
wl F E= 3.4-3.6
<4 3
S F * CLAS G10 (high)
E r CLAS, 3.3-3.9
B i )
=) | o DARESBURY, 3.4—4.0
1
10 E_ °
- L]
I (]
2
10 2
L x/ndf 7.592 /3
F P1 1.486 £ 0.1582
| P2 —4.417 + 0.3158
10-3...I...I...I...I...I...I...I...I...I...
0 02 04 06 08 1 12 14 16 18
[t i (GeV)



1.60<Ey<1.65

1.65<Ey<1.70

1.70<Ey<1.75

1.75<Ey<1.80

CLAS g11 proton data

1.80<Ey<1.85

el {ubl(CaVicf?)
T o
——

m ouas

| PExEEPTD

m cias

]

\

5 oo
R

T25<E <10 iewae, <200 o <00
5
H = cuas s mcuss
3
5 I —— Lo
3 A
G N

LLILE] TTLE LT
LI ] (LR

\I\i‘\‘

L
(e 12 14 18 1
1tHt | ((Ge? V’ﬂ

1.85<Ey<1.90

2.10<Ey<2.15

2.15<Ey<2.

v 68 1 iz 14
Ieh | (GeViey’)

1.95<Ey<2.

00

20

Iel | (GeViey’)

2.00<Ey<2.05

2.20<Ey<2.25

flannl
T 02 04 06 08 1 1z 14 18 1

05 08 1 12 ia
Ie# | (GeViey’)

2.05<Ey<2.10

2.25<Ey<2.30

o)
ml«devn

2.10<Ey<2.1

2.30<Ey<2.35

)
Sl

Study of ¢-N interaction at LEPS2, T. Mibe, 1/9/2QQ

YP 2 ¢p

2.60<Ey<2.65

2.65<Ey<2.70

2.70<Ey<2.75

2.75<Ey<2.80

2.80<Ey<2.85

" L
= s u cus 3 u cus u cus
FwL e —— —— E — —
b
g
3
" W » (
0t L] E E E
! [] [] L I . i
¥ L]
L T T L
i
[ ] 3 L}
265<E <200 P so0E, <a0s =
=
B = cLas moeas u cuis u cuis
Fort L L
3 p— Ep— Ep— Ep—
5
3
3
=
102 E E
L] []
] L L]
L] LI | ) ;
L 1 L L Il L L L 1 L L L L 1
s E— 55 B FER]

L L L
TS 7
tH| (@evicy)

2. 85<E'y<2 90

<3.15

T
Ieh| (Geviey’)

2.90<Ey<2.95

3.15<Ey<3.20

T
Ie# | (Geviey’)

2.95<Ey<3.00

3.20<Ey<3.25

T
Ie# | (Geviey’)

3.00<Ey<3.05

3.25<Ey<3.30

]
It (Geviey)

3.05<Ey<3.10

3.30<Ey<3.35

Eo
_ R m cuas
’;; ‘)!‘ o POCXRPT) )
K p\icd A cLasgre E
S 1 H &
o H
3 3
109 = E
" = [}
T ,: g 4
! 1L Prob 0. i [
o s o0 -
1 s2ur- ogeo 0 " M
335 < <340
5 m cuas So'E 3 3
H  cwas 3
3 i —— 3 " ctas " "
o ; oo P £ [y ——T
g 3 -
3
3 ]
. . . .
.
0" L 5 . . wk ¥ L [ £ s
wil L] i L] LI
L L L L 1 L L L 1 L L L 1 L L L L L L 104, L L L L L L L L L L L L L \ 1 1 Il 1 L \ L L L L 1 \ L L 1
O 2 T R T 5 7 g z 3 z L R A X s 3 T P T P T PR
tH | (GoVieF) i (Gavie') ik Geviery ik oviery ik oviery I ifeovrc) | (cevier) e oeviery i loeviery | (oevier)

2.35<Ey<2.40

2.40<Ey<2.45

2.45<Ey<2.50

2.50<Ey<2.55

2.55<Ey<2.60

3.35<Ey<3.40

3.40<Ey<3.45

3.45<Ey<3.50

3.50<Ey<3.55

3.55<Ey<3.60



Y N\N\w > ()
( X=Pomeron...
P P

New results from two

independent data from
CLAS.

Good consistency with
LEPS data.
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Diffreactive ¢ photoproduction on proton

X=Pomeron, t,n (Titov)
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At LEPS2

e Improved mesurements of do/dt at t=-|t|,,, with proton
target

e Wide energy range (E,=1.6-6 GeV)
e Without extrapolation from larger -t

e Good forward-angle coverage is essential (challenging to
current/future facilities at Jlab)

e Coherent production off of deuteron (1=0)
e [sospin filtering
e Extension of current efforts by Chang, Horie, Shimizu et al.
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VMD and total ¢N cross section

Sibirtsev et al.,EPJ. A 29 (2006) 209

e \ector meson dominance

NN = %y Tonson

e Optical theorem
Oon= 47 IM(T N5 4n)

e Diff. cross section at t=0

do x4 p¢
| Ty Ak

e VMD estimate, o,y ~10-12 mb

forward do/dt (ub/GeV?)
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o,y from A dependence

e o, /"¢ is measured by a nuclear
transmission factor (T,) from A-
dependence:

1 4

OnvA—d X

*'l'T*:. N—oX

e LEPS data (E =1.6-2.4 GeV) on A-
dependence:

cS(I)Ninel= 35+17_11 mb
e Much larger than VDM estimate
Gyn= Ogn® + on"®=10-12 mb

T. Ishikawa et. al (LEPS)
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e Single scattering

Y
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e Double scattering
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Coherent g-meson photo-production on deuterium

Model: T. Rogers, M. Sargsian, M. Strikman

NPA622,511(1997), PRC73, 04502%
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¢-N cross section

e Tantalizing difference in o, estimated from yp data (10-
12mb) and LEPS YA data (~30mb).

e New CLAS deuteron data

e Data is consistent with 10mb in the framework of VMD.
Inconsistency with yA data remains.

e Larger o, from yA data can be understood if the t-slope for the
reaction pN->¢N is larger than the reaction yp->¢p.

e Larger t-slope = Larger interaction radious (cross section)
e Are we really measuring o, ?
e |f so, what makes ¢-meson fat ?

e Apparently, there is something beyond the VMD picture.
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At LEPS2

e Photon energy dependence of § meson absorption in
nucleus

e Extension to previous yA measurement (by Ishikawa et al., E <2.4
GeV)

e VMD should work better at higher photon energy.

Data 2F ,
z \ At ~ —
® my,,
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¢

E,

If multi-step process like YN-> oN,oN->dN were important,
data would never reach the VMD value.
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Summary

e Two mysteries as of 2004

e E dependence of yp—>¢p cross section in LEPS yp data
e Larger o, in LEPS yA data

e CLAS is in the game now. New results from CLAS make
things clearer. But not yet fully understood.

e LEPS2 could make major contribution to the issues of ¢-N
interaction.
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